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I  A  INTRODUCTION 


Thi«  is  a  report  on  the  activities  pursued  during  the  fi-r,t 
six  months  of  the  third  year  contract  "X-Rays  from  Fission."  The  nan. 
extort  during  this  part  of  the  contract  has  been  the  construction  and 
testing  of  a  time-of-f light  tube  and  the  tenting  of  the  associated 
electronics  and  detectors.  Much  of  the  effort  during  the  previous  two 
contract  years  has  been  to  study  fission  yields  from  experiments  in 
which  fragment  mass  was  not  determined  directly.  These  experiments 
involved  coincidence  measurements  between  X-rays  and/or  y-rays.  During 
the  course  of  these  experiments  it  was  found  that  the  K-X-rays  and  y-rays 
emitted  at  the  time  of  fission  come  primarily  from  nuclear,  rather  than 
atomic,  processes.  Since  nuclear  properties  vary  in  no  systematic 
fashion  from  one  nucleus  to  another,  these  types  of  experiments  are  not 
now  being  pursed  because  the  extraction  of  fission  isotopic  yields  from 
such  experiments  appears  to  be  in  the  distant  future. 

Since  it  now  seems  promising  that  isotopic  fission  yields  can 
be  extracted  almost  directly  from  the  raw  data  of  energy-time-of-f light- 
induced  L-X-ray  coincidence  experiments,  almost  all  the  present  effort 
is  being  devoted  to  these  experiments. 


II.  FISSION  FRACMENT  TIME -OF- FLIGHT 


Posc-neucron  mass  distributions  (for  binary  or  tertiary  fission) 
can  be  determined  by  measuring  the  time-of-f light  of  one  fragment  ov  r 
some  distance  and  its  kinetic  energy.  As  discussed  in  the  previous  Annual 
Report,  in  order  to  obtain  a  mass  resolution  of  lu.  (FW11M)  so  that  the 
integral  nuclear  mass  distribution  (i.e.,  quantized  A  yields)  nav  be  unfolded 
from  the  experimental  mass  spectrum  with  a  great  degree  of  certainty,  one 
needs  a  long  flight  path  (of  the  order  of  10m)  and  a  large  solid  angle  (of 
the  order  of  5  msr).  However,  a  10m  flight  path  implies  a  vanishingly  -/..ail 
solid  angle  (A  x  10  2  msr  for  a  300  mm2  detector).  Oakey  and  MacFarlane 
(Nucl.  Instru.  &  Meth. ,  49  (1967)  220)  have  shown  that  this  problem  can  be 
overcome  by  using  an  electrostatic  particle  guide.  Such  a  guide,  vhi  h 
consists  of  a  wire  at  a  negative  high  voltage  running  down  the  center  of  a 
cylinder  the  length  of  the  flight  path,  allows  electrostatic  focusing  of 
charged  particles  -  the  ions  emitted  in  an  angular  range  of  the  order  of 
2  are  confined  to  trajectories  around  the  central  wire  as  they  traverse 
the  guide.  The  collection  efficiency  of  such  an  electrostatic  partible 
guide  is  proportional  to  the  ionic  change  and  the  voltage  on  the  wire  and 
inversely  proportional  to  the  fragment  energy  (see  the  calculations  in  the 
precious  Annual  Report,  for  example). 

As  reported  in  the  last  Annual  Report,  an  electrostatic  particle 
guide  of  the  above  type  was  constructed  at  The  University  of  Texas  Center 


for  Nuclear  Studies.  It  consisted  of  a  lu  meter  long  stainless  steel  tube 
with  an  inside  diameter  of  5.05  cm  and  had  a  5  mil  wire  running  it*i  length 
Initial  measurements  with  this  guide  indicated  that  the  "effective"  solid 
angle  over  the  10m  flight  path  was  increased  by  many  orders  of  magni  ..do 
as  suggested  by  the  calculations.  However,  experience  with  this  guide 
showed  that  the  detector  had  to  be  located  some  distance  from  and  sh  elded 
from  the  central  wire  because  of  the  negative  voltage  on  the  wire. 

A  new  particle  guide  with  modifications  to  avoid  the  above 
mentioned  problem  has  now  been  constructed.  The  new  guide  cons is  “a  of 
two  10m  long,  concentric,  stainless  steel  tubes  with  inside  diameters  of 
4  and  1.7  in.  The  inner  tube  is  maintained  at  a  high  positive  voltage  and 
has  a  20  mil  wire  at  ground  potential  running  its  length.  The  thicker 
central  wire  permits  better  positioning  and  experiences  fewer  problems 
caused  by  vibrations  of  the  wire  in  the  potential  field.  This  new  guide 
has  been  tested  and  found  to  perform  satisfactorily  and  in  the  same  manner 
as  the  previous  guide.  A  lm  extension  has  recently  been  added  to  the  target 
end  of  the  particle  guide  so  that  the  second  fragment  detector  will  not 
be  in  a  high  neutron  flux  when  neutron  induced  fission  studies  are  done. 

Various  simple  timing  and  coincidence  experiments  have  been  done 
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with  the  10m  electrostatic  particle  guide  and  a  Cf  source  in  order  to 

test  the  performance  of  the  guide,  the  electronics  and  the  detectors.  A 
variety  of  detectors  have  been  tried  and  promising  results  with  good 
resolution  have  been  obtained  using  an  ORTEC  130  f ission-fngment  detector. 


Final  tests  and  the  performance  of  experiments  are  being  temporarily  held 
up  by  two  small  problems.  The  present  "  Cf  is  broken  and  folded  ov  i  and 
as  a  result  emits  very  few  fission  fragments  along  the  axis  of  the  guide. 

A  new  source  is  on  order  and  should  arrive  shortly.  When  detectors  are 
removed  from  the  guide  after  performing  tests,  they  have  been  covered  with 
oil.  This  oil  will,  of  course,  degrade  the  pcrfoimance  of  the  detec* or. 
Several  heating  strips  have  been  ordered  and  will  be  wrapped  around  the 
particle  guide.  It  is  hoped  that  baking  out  the  guide  in  this  manner  will 
remove  the  oil  problem.  If  this  does  not  eliminate  the  problem,  it  may 
be  necessary  to  replace  the  present  oil  roughing  pump. 


H'  5 


III.  TIME-OF-FLICMT-ENERCY  -X-RAY  COINCIDENCE  MEAS UR FMENTS 
FOR  THE  DETERMINATION  OF  ISOTOPIC  FISSION  YIELDS 

Time-of-f light-energy  measurements  only  allow  mass  determination. 

In  order  to  obtain  isotopic  fisiion  yields  both  charge  and  mass  mus. 
be  determined  simultaneously.  Direct  physical  techniques  usually  i  a*,  five 
measuring  in  coincidence,  at  the  time  of  fission,  parameters  from  which  Z 
and  A  can  be  determined.  With  present  day  resolution  in  photon  spectro¬ 
scopy,  any  characteristic  X-rays  emitted  from  the  fission  fragments  nry 
be  experimentally  observed  to  unambiguously  identify  the  nuclear  charge 
of  these  fragments.  Such  observations  will  only  identify  particular  fission 
fragment  elements  and  no  statements  about  elemental  yields  may  be  made  unless 
the  origin(s)  of  these  observed  X-rays  are  known. 

A  seemingly  appropriate  technique  to  determine  nuclear  charge,  in 
which  X-rays  associated  with  the  fission  fragments  are  observed  and  the  origin 
of  the  X-rays  is  well  understood,  has  been  tested  at  the  Center  for  Nuclear 
Studies.  This  technique  is  to  create  vacancies  in  the  electron  shells  of 
the  fragments  by  a  known  atomic  process  and  observe  the  fluorescence  yields 
(the  probability  that  a  vacancy  in  a  given  shell  results  in  a  radiative 
transition).  Since  the  fluorescence  yields  have  been  measured  experimentally 
and  are  understood  theoretically,  extraction  of  fission  charge  and  isotope 
yields  should  be  straight-forward.  The  electron  vacancies  may  be  created  by 
allowing  the  fission  fragments  to  pass  through  a  thin  foil  (such  as  carbon). 
The  X-rays  resulting  from  electron  transitions  may  be  observed  with  a  high 


a 
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resolution  photon  detector  situated  n**r  the  foil.  An  experiment  was 
pertoraed  in  which  fission  fragments  were  detected  in  coincidence  with 
X-rays  produced  when  the  fragments  passed  through  a  thin  carbon  foil. 

It  was  observed  that  two  groups  of  L  X-rays  (corresponding  to  the  light 
and  heavy  fragments)  were  produced.  The  resolution  was  not  good  enough 
(due  to  the  rather  poor  detector  used)  to  resolve  individual  lines,  but 
the  peaks  were  located  in  the  energy  region  where  the  L  X-rays  were 
expected  to  appear.  Thus,  this  technique  seems  to  work  as  expected  and 
the  techno ’ogy  seems  to  be  at  hand  to  determine  fission  yields  with  a 
very  reliable  method. 

In  the  last  Annual  Report  a  possible  triple  coincidence  experi¬ 
ment  using  the  time-of-flight-energy-X-ray  techniques  to  measure  fisuion 
isotopic  yields  was  presented.  In  this  experiment  the  fissioning  source 
was  placed  at  one  end  of  the  particle  guide  with  a  fission  fragment 
detector  placed  on  line  with  the  center  of  the  guide  behind  the  source. 
Another  fission  fragment  detector  was  placed  at  the  other  end  of  the  10m 
guide.  A  thin  carbon  foil  was  placed  in  front,  of  this  detector  and 
observed  by  a  high  resolution  photon  detector.  The  fragment  detector 
near  the  source  provided  the  start  pulse  and  the  other  fragment  detector 
provided  the  stop  p-lse  for  the  time-of-f light  measurement.  The  electronics 
were  arranged  to  require  a  triple  coincidence  between  the  pulses  in  both 
fragment  detectors  and  the  pulse  in  the  X-ray  detector. 

Two  modifications  to  the  above  triple  coincidence  experiment 
arc  needed  and  both  are  allowed  by  the  lm  extension  which  has  been  added 


to  the  lO.  electrostatic  particle  guide.  The  placing  of  the  carho.,  lail 
In  iront  of  the  fragment  detector  locate  10s  fro©  the  source  rwv,, 
the  X-ray  detector  from  the  vlclnltv  of  high  neutron  fluxes  but  also 
causes  an  energy  uncertainty  in  the  fragmentr  reaching  the  fragment 
detector.  Since  this,  energy  is  an  important  parameter  in  the  expci  Isusr.t , 
it  is  necessary  to  have  the  best  energy  resolution  possible.  Sine* 
high  neutron  fluxes  will  also  degrade  the  performance  of  the  fragment 
detectors,  the  second  fragment  detector  should  be  moved  from  the  vicinity 
of  the  target .  Now  that  the  lm  extension  has  been  added  to  the  particle 
guide,  the  second  fragment  detector  can  be  placed  lm  from  the  source  ai  ! 
the  carbon  foil  can  be  placed  in  front  of  this  fragment  detector  since 

an  accurate  measurement  of  the  energy  of  the  second  fission  fragnenc  is 
not  necessary. 

i 

The  above  modifications  in  the  placement  of  the  detectors 

V 

may  necessitate  modifications  in  the  triple  coincidence  circuitry  given 
in  the  last  Annual  Report.  However,  computer  studies  arc  now  underway 
co  determine  if  the  same  basic  circuitry  can  be  used  and  corrections  can 
be  made  by  the  use  of  kinematic  calculations  made  by  the  computer  without 
degrading  the  energy  resolution. 


IV.  NEUTRON- INDUCED  FI  SSI  Of; 


Tnc  goal  of  this  project  is  to  study  neutron-induced  f  ir.nl  jn 

isotopic  yields.  Before  these  studies  can  be  undertaken  the  experiment .1 

techniques  discussed  in  Sections  II  and  III  mist  be  tested  and  prove-.,  out 
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using  a  Cf  source.  If  these  techniques  work,  the  basic  profcln-.  ending 

in  the  way  of  neutron- induced  studies  is  that  of  the  neutron  source.  A 

Texas  Nuclear  neutron  generator  is  in  the  process  of  being  reconditioned. 

This  reconditioning  process  is  requiring  ouch  effort  and  tine  which  could 

be  expended  on  acre  crucial  phases  of  this  project.  We  arc  also  looking 

into  the  possibilitUr  of  updating  this  generator  and  of  obtaining  a 
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large  Cf  source  to  use  as  a  neutron  source.  Modifications  of  the  target 
chamber  of  the  electrostatic  particle  guide  to  accomodate  a  neutron  «„:rce 
must  wait  until  it  has  been  determined  what  type  of  neutron  source  will  be 
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VII.  WORK  STATEMENT  FOR  ARP  A  PROPOSAL 


The  contractor  shall  conduct  research  involving  the  measurement  of 
prompt  fission  processes.  This  research  shall  include,  but  not  necessarily 
be  limited  to  the  following: 

A.  Studies  of  the  spontaneous  fission  of  252Cf  employing  various 
combinations  of  multi-parameter  coincidence  experiments. 

Parameters  may  include  fission  fragment,  X-ray,  alpha  particle, 
gamma  ray,  time-of-f light ,  and  neutron. 

B.  Studies  of  neutron  induced  fission  of  235,238r  and  239pu 
various  combinations  of  multiple  parameter  coincidence  experiments 
described  above,  less  the  alpha  particle  measurements. 

C.  From  an  analysis  of  the  above  measurements  begin  a  compilation 

of  the  total  chain  yield  and  the  prompt  Isotopic  yield  ratios  for 
fission  of  ’  and  23^Pu  as  a  function  of  neutron  energy. 

Give  priority  to  235U  and  239Pu  fission  mass  distribution  resulting 
from  fission  spectrum  and  14  MeV  neutrons. 
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GAMMA  CASCADES  IN  Cf  SPONTANEOUS  FISSION  FRAGMENTS 

F.  F.  Hopkins,  J.  R.  White,  C.  Fred  Moore,  and  Patrick  Richard 

Center  for  Nuclear  Studies 
University  of  Texas,  Austin,  Texas  78712 


ABSTRACT 

A  Y-ray  -  y-rav  coincidence  experiment  to  measure  transitions 
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in  the  spontaneous  fission  fragments  of  Cf  has  been  performed  with 
a  0.14  cc  Ge(Li)  detector  (FWHM  800  eV  at  81  keV)  and  a  40  cc  Ge(Li) 
detector  (FWHM  2.8  keV  at  1.33  MeV)  in  close  geometry  and  repeated 
in  an  extended  geometry  involving  shielding  of  one  of  the  prompt 
fragments.  Several  low  energy  cascades  have  been  detected  which  were 
previously  unreported.  In  addition  partial  decay  schemes  for  four  of 
the  products.  Mo,  Ru,  Ru,  and  ^  ^La,  have  been  suggested 


/ 


1.  Introduction 

The  natures  of  the  level  schemes  of  odd  7.  and  odd  A  fragments 
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from  the  spontaneous  fission  of  “Cf  have  remained  for  the  most  narc  a 

mystery.  Their  elucidation  has  been  a  challenging  exneriwentn'  problem. 

Lack  of  intensity  of  many  of  the  y-transitlons  has  prevented  on 

investigation  as  complete  as  that  obtained  for  the  even-even  fission 

products.  *  Y~rays  emitted  bv  certain  isotopes  populated  strongly  in 

the  various  6-decay  processes  following  both  spontaneous  fission  of 
252 

Cf  and  neutron-induced  fission  of  the  uranium  isotopes  have  been 
observed  in  detail.*  *^  Presented  in  this  work  are  the  results  of 
two  y~Y  coincidence  experiments,  one  performed  in  close  and  one  in 
extended  geometry,  which  have  shed  considerable  light  on  certain  of  the 
nuclei  which  have  so  far  escaped  a  consistent  analysis.  This  experiment , 
relying  heavily  on  previous  assignments  of  a  multitude  of  transitions 
in  the  energy  range  45  to  200  keV  by  X-ray  -  y-ray  coincidence 
techniques** ’ *^*  and  higher  energy  transitions  from  various  sources, 
was  made  possible  by  the  excellent  resolution  furnished  by  a  Cc (Li) 
crystal  of  0.14  cc  volume.  The  data  indicate  certain  strong  cascades 
and  rudimentary  energy  level  schemes  for  several  of  the  products 
expected  to  be  populated  direct lv  and  by  0-decav.  Also  questions 
pertaining  to  previous  isotope  assignments  in  the  X-ray  -  Y-ray 
experiments  have  been  answered  to  some  extent. 
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II.  Experimental  Setup 

A.  Close  Geometry 
252 

A  0.1  pgm  Cf  source  between  two  1/2  mil  disks  of  her  Ilium 
was  placed  dircctlv  on  the  beryllium  window  cf  a  0.14  cc  GeU.i 
detector.  The  Be  cover  stopped  the  fragments  and  removed  Hopple* 
distortions  for  any  transition  longer  than  about  a  picosecond.  * 

40  cc  Ge(Ll)  detector  was  placed  approximated  3/4”  from  the  source, 
at  which  distance  the  singles  count  rate  was  10,000  counts/sec.  The 
count  rate  in  the  smaller  crystal  was  5,000  counts/sec.  At  these  rates 
the  respective  resolutions  were  2.8  keV  FWHM  at  1.33  MeV  and  600  cV 
FWHM  at  81  keV.  The  timing  and  linear  signals  were  routed  through  the 
circuitry  shown  in  Fig.  1.  With  a  timing  window  tf  about  150  nanosec, 
a  coincidence  count  rate  estimated  at  100/sec  was  encountered.  The 
logic  signal  accompanied  by  the  two  linear  signals  was  accepted  by  a 
computer  program  which  performed  a  sort  of  the  y-rnys  from  the  40  cc 
crystal  according  to  windows  set  on  the  peaks  in  the  spectrum  from  the 
0.14  cc  detector.  All  processing  was  done  online.  In  this  way  IK 
spectra  were  built  of  y-rays  from  45  keV  to  1300  keV  in  coincidence 
with  the  many  lines  in  the  energy  range  45  -  200  keV.  In  the  following 
discussion,  figures,  and  tables,  these  are  the  date,  referred  to  unless 
otherwise  specified. 

Calibrations  were  taken  daily  in  both  detectors  with  standard 
sources.  A  run  of  7  days  was  made.  During  that  time  no  adjustments  had 
to  be  made  on  the  gates.  Also  no  gain  drift  for  the  electronics 
associated  with  the  40  cc  counter  was  found. 


3 


H.  I*'xt imkIimI  Ceomotrv  (l*U5) 

An  add  it  turn!  experiment  was  performed  in  order  to  help  remove 

some  of  the  nmbiguitv  involved  in  identification  of  the  y- lines  la  the 

previously  described  spectra,  i.e.  the  fact  that  y-rays  both  non.  t‘u- 

nucleus  supplying  th«  gate  y-ray  and  from  its  possible  complement arv 

nuclei  arising  from  the  binary  fission  event  will  show  up  in  those 
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sorted  spectra,.  A  Cf  source  mounted  on  a  thick  copper  foil  v  s 
positioned  as  shown  in  Fig.  2.  The  open-faced  side  of  the  sour  -e  pointed 
back  into  a  lead  shield  which  afforded  a  3/4"  thick  lend  shield  between 
the  fragments  in  flight  and  the  0.14  cc  C.e(Li)  detector.  Approximately 
!  1/2"  of  lead  separated  the  fragments  from  a  30  rc  r.o(Li)  detector. 

In  this  way  v- rays  emitted  more  than  about  1  nanoscc  after  fission  vero 
substantially  attenuated,  especially  the  low  energy  lines  which  were  of 
special  interest  in  this  experiment.  In  a  binary  event  one  of  the  frag¬ 
ments  would  be  stopped  in  the  copper  foil  while  the  other  would  be 
localized  within  the  shielding  apparatus.  Those  y-ravs  emitted  bv 
fragments  in  flight  within  times  of  less  than  a  nanosec--that  is,  those 
given  off  while  the  moving  fragment  was  still  visible  to  the  dele  u.rs- 
would  be  grcatl v  Doppler  broadened  due  to  the  isotropv  of  the  fragment 
emission.  The  intent  in  this  procedure  was  to  isolate  cascades  in  the 
stopped  fragments  by  gating  on  non-d istorted  peaks  in  the  spectrum  from 
the  0.14  cc  crystal  and  separating  out  coincident  non-distorted  y-rays 
in  the  30  cc  detector.  Ccrtninlv  a  given  gate  in  the  low-en.-rgv  spectrum 
might  include  some  parts  of  tails  of  neighboring  distorted  oeaks,  hut  the 
low-cnergv  lines  considered  with  successively  longer  lifetimes  for  higher 
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multipolarities  starting  with  El,  Ml,  etc.,  this  interference  would  be 
minimal.  Strong  effects,  i.e  coincidences  in  the  stopped  nuclei, 
should  predominate  in  the  data. 

The  count  rate  for  the  0.14  cc  detector  was  600/scc 
that  for  the  30  cc  detector  was  around  2000.  The  respective  resolutions 
were  500  cV  FWHM  at  81  keV  and  3.5  keV  FWHM  at  35b  kcV .  The  electronics 
was  identical  to  that  for  the  close-geometry  experiment.  The  coincidence 
rate  was  about  3/soc.  In  this  case,  however,  the  data  was  stored  evert 
by  event  as  8K  values  on  magnetic  tape.  Actual  running  time  was  about 
6  weeks.  Calibrations  were  taken  daily.  The  data  was  analyzed  offline 
in  a  fashion  similar  to  that  described  above.  The  gating  was  dr.nc  on 
an  8K  spectrum  from  the  smaller  detector  and  the  sorted  spectra  f -om  the 
30  cc  detector  were  reduced  to  IK.  Cate  adjustments  were  required 
several  tines  through  the  course  of  reduction.  The  gain  for  the  larger 
detector  varied  no  more  than  0.2  channel  from  the  original  value  up 
to  channel  300,  which  included  all  of  the  data  presented  in  this  paper; 
as  a  consequence,  the  sorted  spectra,  reduced  approximately  two  days 
worth  at  a  time  500,000  coincidence  events),  were  simply  accumulated 
with  no  computer  adjustments. 

HI.  Results 

The  total  coincidence  spectrum  from  the  0.14  cc  detector  for 
a  J6  hour  run  in  the  close  geometry  experiment  is  presented  In  Fig.  3. 

The  statistical  clarity  of  the  peaks  ranges  from  excellent  to  poor  in  less 
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incense  cases.  Gates  were  sec  on  the  gamma  rays  appearing  in  Talle  i. 

Ir  a  few  cases  two  gates  were  set  on  a  broader  than  ordinary  peak  tc 
check  for  unresolved  lines.  T'ne  background  is  mostly  Compton  scattering 
of  higher  energy  y-rays.  The  photopeak-to-associated-Compton  r to  eoc 
these  low  energy  lines  was  verv  high,  as  expected,  since  gates  seldom 
showed  any  y-rays  associated  with  the  appropriate  neighboring  peeks. 

The  low-energy  portion  of  the  total  coincidence  spectrum  from  the  *0  cc 
detector,  the  only  part  with  any  number  of  distinguishable  lines,  is 
presented  in  Fig.  4.  These  strong  Lines  were  noticeable  as  background 
In  all  of  the  sorted  spectra. 

The  spectra  from  the  shielded  detectors  run  were  similar  but 
had  worse  statistics  due  to  the  geometry.  The  lower  energy  spectrum 
is  in  Fig.  5.  Except  for  three  large  Pb  X-ray  peaks  arising  from 
y-f luorescence,  it  is  almost  identical  to  the  one  in  Fig.  3.  As 
expected, Doppler  effects  do  not  appear  to  any  largo  extent  and  most  of 
the  spectrum  can  be  assumed  to  have  come  from  fragments  stopped  in  the 
copper  foil. 

The  completeness  of  and  the  confidence  in  the  assignment  of 
the  y-cascades  In  this  data  varied  tremendouslv  from  line  to  line.  As 
stat  'd  before,  one  of  the  primary  means  of  locating  a  suspected  cascade 
was  to  check  for  identity  of  the  low-energy  y-ray  gated  on  from  previous 
work.  A  low-cne rgv  y-rav  in  coincidence  with  another  low-energy  lino  in 
cither  the  same  or  a  complementary  nucleus  should  have  been  recorded  in 
the  X-rav  -  y-ray  data,  as  the  high  internal  conversion  probabllitv 
nssociated  with  the  second  transition  should  result  in  a  high  X-ray 


production  and  therefore  high  detection  probability,  ir.  the  first  case 
the  y-ray  would  be  noticed  in  a  gate  on  an  X-ray  from  tne  same  nucleus 
and  perhaps  in  a  gate  on  a  complementary  X-ray,  depending  on  the  internal 
conversion  probabilities  of  the  complementary  nuclei;  in  the  second  the 
y-ray  would  be  seen  at  least  in  a  gate  on  the  "complementary"  X-~ny. 

In  several  instances  a  given  gate  was  within  0.2  keV  of  more  than  one 
line  recorded  in  the  X-ray  -  y-ray  data.  The  resulting  sorted  spe-tra 
were  simply  treated  as  possible  combinations  of  lines  associated  with 
each. 

There  is,  in  an  analysis  of  this  type,  a  measure  of  uncertainty 
introduced  by  the  difference  in  the  means  of  detection.  A  y-rav  in  the 
total  coincidence  spectrum  of  the  y-y  experiment  would  not  necessarily 
have  been  recorded  bv  the  X-rav  -  y-ray  work  if,  for  example,  it  was 
primarily  in  coincidence  with  a  high  energy  transition.  However  y-rays 
of  every  energy  gated  on,  in  Table  I,  were  seen  in  at  least  one  X-ray 
gate  and  most  of  them  strongly.  The  key  is  identification  of  the 
Y-rays  in  the  gated  spectrum  from  previous  work.  The  shielded  data 
served  as  a  check  on  some  of  the  stronger  cascades. 

Once  known  lines  are  picked  out  and  thereby  verified  to  he 
in  cascade  with  the  gate  y-ray,  the  remaining  peaks  can  be  treated  as 
additional  members  of  the  same  decay  scheme  or  as  arising  from 
complementary  nuclei  if  they  seem  probable  given  the  known  partner 
isotope  and  the  total  neutron  emission  probabilities.  It  is  apparent 
that  cross-referencing  between  various  sorted  soectra  can  be  extremely 
important  in  coordinating  the  data. 
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The  verv  strong  cascades  through  the  even-even  fission 
12)  252 

products  of  ‘Cf  proved  to  be  very  useful  in  this  respect.  In 

t 

several  sorted-  spectra,  two  or  more  of  the  2+  -*  0+,  -►  2+,  and 

+  + 

b  •*  <*  transitions;  from  different  even-even  isotopes  of  the  sa.-.j; 

‘  *  t 

element  were  apparent,  serving  as  an  indication  that  the  gate  y-.  av 

belonged  to  a  nucleus  which  seemed  a  probable  complement  to  each  of 

the  even-even  nuclei.  In  addition,  If  the  gate  gamma  ray  had  not  been 

previously  observed  to  be  part  of  the  cascades  through  complementary 
> 

even-even  products,  confidence  in  the  accuracy  of  the  even-even  level 
schemes,  supported  bv  the  data  in  this  experiment,  pointed  toward  an 
even  7  odd  A  nucleus  as  the  likely  source.  Beyond  y-rays  matched  with 
previous  data,  new  lines  received  the  same  kind  of  attention  given 
those  in  an  experiment  involving  a  single  nucleus,  i.e.  whether  sums 
added  up  to  known  lines,  whether  gates  on  two  y-rays  in  each  case 
revealed  the  other,  and  the  like.  The  possibility  exists,  of  course, 
that  the  gate  y  and  its  coincidences  are  from  nuclei  not  included  in 
previous  work.  This  is  the  immediate  suspicion  for  low  energy  lines  not 
oeen  in  the  X-rav  -  y-ray  (X-y)  data.  The  errors  in  the  energies  were 
estimated  to  be  f0.2  keV  for  the  0.14  cc  detector  and  10.5  keV  for  the 
40  cc  detector. 

A.  Unidentified  Coincidences 

For  several  reasons  the  spectra  Renerated  hv  mnnv  of  the 
gates  did  not  give  conclusive  evidence  as  to  placement  of  the  transitions 
recorded.  Low  energy  y-rays  from  elements  not  previously  investigated 
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bv  the  X-y  work  or  other  sources  could  still  be  prominent  in  the  total 
coincidence  spectrum  and  so  Rive  rise  to  coincidences  of  unknown 
origin.  In  particular  the  X-ray  groups  of  neodymium,  promethium, 
samarium,  and  europium  were  fairly  intense  in  the  X-y  work,  inducting 
a  large  number  of  low  energy  transitions  of  reasonably  high  intet.'-itv. 

Any  coincidences  arising  from  these  elements  would  be  difficult  to 
pinpoint.  In  addition  there  are  a  few  transitions  which  were  seen 
strongly  in  more  than  one  X-rav  gate  and  for  which  the  recorded 
coincidences  were  of  sufficient  mystery  to  preclude  their  identification. 
These  can  at  least  be  attributed  with  some  confidence  to  groups  of 
isotopes.  Table  II  contains  the  data  which  fit  one  of  the  above 
descriptions . 

A.;  example  of  the  difficulty  encountered  is  demonstrated  bv 

gates  on  two  slightly  overlapping  peaks,  one  at  68.7  keV  and  another 

at  69.2  keV.  The  first  one  reveals  two  very  strong  coincidences.  The 

91.4  keV  coincidence  is  supported  by  a  gate  on  a  91.1  keV  y-ray  which 

sees  a  69.0  keV  y-ray  intensely.  The  36.5  keV  designation  is  only 

approximate,  as  that  is  just  above  the  threshold  of  the  timing 

discriminator  and  the  peak  is  probably  distorted.  The  X-y  work 

recorded  a  68.9  keV  transition  as  by  far  the  strongest  in  the  total 

108 

coincidence  spectrum.  Assigned  to  Tc,  it  was  far  more  Intense  in 

the  Tc  gate  than  in  the  Cs  gate.  These  two  circumstunces  would  seem 

108 

to  require  that  it  be  in  cascade  in  Tc  with  a  highly  internal 
converting  transition.  The  36.5  keV  line,  broadened  considerably 
more  than  by  normal  resolution,  is  probably  the  tail  of  a  transition 


a  little  below  that  energy.  A  91.4  keV  y-rav  was  seen  ir  tla-  Ii  ..ml 

142 

Cs  gates  and  attributed  to  Cs,  hut  It  was  not  detected  in  the 

c  g  \ 

3-decay  work  on  the  same  nucleus.  '  '  A  138.3  keV  y-ray  wa-  al3c  -een 

in  the  Tc  and  Cs  gates  but  again  was  placed  in  a  cesium  isotope 

The  138  in  the  68.7  keV  gate  could  be  due  to  the  overlap  with  \|,e 

69.2  keV  gate,  which  saw  a  137.5  keV  y-rav  as  easily  the  most  profuse 

coincidence.  A  104  keV  line  is  seen  in  both  of  the  gates  as  well. 

The  solution  of  these  problems  can  onlv  be  guessed  at. 

The  gate  on  a  102.7  keV  y-ray,  one  of  the  more  intense  liner. 

in  the  total  coincidence  spectrum,  provided  some  strong  coincidences 

but  proved  ambiguous  on  the  details.  Verv  strong  lines  of  this  energy 

were  seen  in  the  Mo  and  Ba  X-ray  gates  as  well  as  the  Ru  gate,  ’he 

first  was  assigned  to  *^*Ba,  while  the  second  was  unidentified.  A 

138.3  keV  y-ray  placed  in  *^*Ba  by  that  same  data  coupled  with  the 

coincidence  with  the  138.7  keV  line  in  the  present  data  is  tempting 

evidence  for  a  cascade  in  However  three  strong  transitions, 

181.0  keV,  199.1  keV ,  and  330.9  keV,  are  almost  certainly  those  of  che 

same  energy  in  the  *  Ba  and  *^Ba  decay  schemes.  Thev  implv  that  the 

103  is  in  a  complementary  nucleus,  ouite  possibly  103Mo.  Confusing 

the  issue  still  further  is  the  contribution  from  the  Ru  or  Xe  isotope. 

A  457.7  keV  line  in  the  present  gate  suggests  the  4+  -  2+  transition 
.  1 40 v  .  +  + 

in  Xe,  but  the  2  *  0  y-rav  is  not  present.  A  possible  explanation 

is  placement  of  the  103  in  the  decay  scheme,  but  that  is  dubious. 

The  250.8  keV  line  Is  probably  the  one  previously  attributed  to  Bn, 
a  conclusion  which  now  appears  erroneous.  The  locations  of  the  103  and 
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Che  Y»ravg  In  coincidence  with  It  can  he  Halted  only  to  one  of  the 
four  elem^ts,  Ho,  la,  Ru,  or  Xe. 

B.  (Two  Step)  Cascades  (Table  111) 

1.  48.3  keV  Gate  (FI*.  6a) 

A  46.6  Y~ray  was  seen  very  strongly  in  a  palladium  gate  from 
the  X-y  work,  the  rest  of  the  lines  of  about  that  energy  being 
considerably  weaker.  The  present  spectrum  Includes  a  very  weak  line 
at  1276.4  keV,  which  Is  approximately  the  energy  of  a  2+  -*•  0+, 
reported  In  *^Se.^  The  115  keV  6+  -*  4+  and  297  keV  4*  •*  2*  transitions, 
completing  the  ground  state  band  and  mentioned  elsewhere  in  rhir  paper, 

are  not  seen  at  all,  precluding  the  location  of  the  48.6  y-ray  In  a 

134  134 

complementary  nucleus  to  Tc.  The  line  is  possibly  in  Te  and 

obviously  not  in  cascade  with  the  115  and  297.  The  fact  that  It  is 

seen  so  strongly  In  the  X-y  results  could  mean  It  is  the  result  of 

8-decay  to  some  level  within  the  falrly-well  established  ground  state 

bend. 


2.  *9.9  keV  gate  (Fig.  6b) 

A  49.8  line  seen  In  an  I  gate  was  attributed  to  **^Rh.  An 

exceptionally  intense  228.5  Y~?av  also  seen  In  an  1  gate  was  assigned 
132 

to  l.  The  present  data  raises  certain  questions  about  the  first 

placement.  The  strength  of  the  coincidence  implies  they  are  in  cascade. 

132 

They  arc  apparently  the  two  lines  observed  previously  in  I  tv 

4) 


Fransson  and  Bcmls. 
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The  strong  55.4  and  76.4  keV  lines  mostly  probably  arose  from 
the  fact  that  the  49.9  transition  is  unresolved  from  a  50.3  keV  7-r.1v 
which  appears  strong  in  a  Tc  gate.  In  that  same  spectrum  was  an 
unidentified  55.1  keV  line  and  a  78.6  y-ray  which  also  appeared  in  the 
Cs  gate  and  was  placed  in  a  Cs  isotope.  From  the  present  data,  a  gate 
on  a  54.9  y-ray,  in  Fi£.  6c,  sees  quite  clearly  a  50. Z  line  but  onlv 
moderately  sosttthing  at  about  79  keV.  The  50.3  keV  and  55.4  keV  y-rays 
quite  possibly  are  from  a  Tc  isotope  populated  at  least  part  of  the 
time  directly  by  fission. 

3.  52.3  keV  gate  (Fig.  6d) 

The  most  nc'ciceable  coincidence  in  this  case  was  a  still 

weak  264.3  line.  Previous  work  by  Hoffmann.  Lawrence,  and  Daniels*5  on 

y-rays  from  *^Pr  following  B-decay  of  14^Ce  included  52.0  keV  and 

146 

264.7  keV  y-rays  in  succession.  Ce  is  strongly  populated  in  the 
252  t' 

fission  of  Cf  12,  '  and  a  gate  on  Pr  X-rays  previously  revealed 
lines  of  about  the  same  energies. 

4.  53.9  keV  gate  (Fig.  6e) 

This  y-ray  is  in  very  strong  coincidence  with  a  189.2  keV 

transition.  An  Intense  54.1  keV  y-ray  appeared  in  the  Tc  X-ray  gate. 

Also  B-decay  work7*  placed  a  189.5  keV  y-ray  in  106Tc.  The  fact  that 

both  lines  are  seen  only  in  the  Tc  gate  implies  B-decay  as  the  primary 

106 

means  of  population,  a  good  deal  of  which  to  Tc  would  occur  due  to 
a  3.372  fission  direct  intensity1*  ro:  106Mo.  A  coincidence  in  1067c 


is  the  conclusion,  although  the  assignment  of  the  189.5  keV  transition 


was  tentative. 


5.  60.5  keV  gate  (Flit.  6f) 

The  60.5  keV  gate  both  in  close  and  extended  geometry. 

Fig.  7a,  sees  very  strongly  a  159.2  keV  y-ray.  A  60.5  keV  y-ray  was 
112 

placed  in  Rh  previously.  A  line  about  159.7  keV  was  seen  in  both 

the  Rh  and  I  gates  and  left  unidentified.  The  two  sum  to  219.7, 

whereas  a  219.9  keV  y-ray  was  also  seen  in  the  Rh  gate.  A  direct 
112 

cascade  in  Rh  is  implied.  The  183.1  keV  line  is  also  seen  in  both 
gates  and  so  presumed  to  be  somewhere  in  the  decay  scheme  of 
as  well. 


6.  64.3  keV  gate  (Fig.  6g) 

This  gate  and  two  others,  ore  for  85.5  keV  and  another  for 
129.3  keV  seen  in  Figs.  6h  and  6i,  vielded  three  y-rays  in  definite 
coincidence,  each  of  which  saw  the  other  two.  An  85.6  keV  transition 
was  previously  assigned  to  105Tc  bv  comparison  with  a  mass  value  ol 
105-0  for  a  sinilar  energy  from  John  et  al.13)  A  64.4  keV  line  was 
seen  in  the  Tc  and  Cs  gates  but  was  left  unidentified.  The  129.3  keV 
Y-ray  was  previously  unrecorded.  A  very  tentative  placement  therefore 
is  a  three-stage  cascade  in  i05Tc.  It  is  entirely  possible  that  these 
Y-rays  and  the  54  keV  -  189  keV  coincidence  are  in  the  same  nucleus, 
either  105Tc  or  106Tc,  with  the  latter  being  a  slightly  better  choice. 
The  53.9  keV  gate  saw  an  86.1  keV  y-ray  but  the  return  coincidence 


was  unsubstantiated 


7.  71.6  keV  gate  (Fig.  61) 

The  71.6  -  138.7  coincidence  indicates  a  cascade  in  r,  Js 

isotope,  as  both  were  seen  strongly  in  the  Tc  and  Cs  gates  from  X  ray  - 

y-ray.  Their  being  in  cascade  is  supported  by  the  sane  gate  in  the 

extended  geometry  case,  seen  in  Fig.  7b.  The  former  was  at  that  time 

assigned  to  Cs  and  the  latter  to  ^  ^Cb.  The  basis  of  those 

assignments  was  some  mass-separated  data  of  Alvager  et  al.5)  and  the 

1  1ft 

energy  agreement  was  much  better  In  the  Cs  case.  On  that  basis. 

1  1ft 

this  cascade  seems  to  be  in  Cs. 

8.  76.7  keV  gate  (Fig.  6k) 

A  76.5  y-ray  was  present  in  both  th*.  Tc  and  Cs  ^ates  and 
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was  giv.*n  to  Cs.  A  160.7  keV  y-ray  was  seen  in  the  Tc  gate  and 
was  possibly  obscured  in  the  Cs  gate  due  to  a  strong  peak  of  another 
energy  nearby.  The  very  strong  coincidence  with  a  160.5  keV  line,  also 
evident  in  the  EG  data  of  Fig.  7c,  indicates  a  cascade  in  *^Cs.  Thu 
coincidence  with  the  268.9  Y-ray  is  less  certain.  The  Xe  gate  saw  a 
76.6  keV  line  and  also  a  270  keV  line  from  106Ru,  so  a  possible  source 


9.  86.3  keV  gate  (Flft.  61) 

This  gate  contained  two  Y-rays,  90.5  and  154.3,  which  were 
seen  in  the  X-y  data  in  the  Tc  gate  (90.3  keV)  and  Tc  and  Cs 


gates 
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(154. 1  keV),  respectively.  In  addition,  an  86.2  keV  y-ray  was  seen 

moderately  well  in  the  Cs  gate.  The  90.3  y-ray  was  assigned  to  ^“"Cs 

in  that  work.  8-decay  work  by  Larsen,  Talbert,  and  McConnell^*  did 

142 

not  reveal  such  a  line  in  Cs.  The  154.3  y-ray  was  assigned  rc 

*^Cs  on  the  basis  of  8-decay  work  of  Alvager  et  al.^*  Close 

examination  of  the  X-y  spectra  shows  that  86.2  and  90.3  lines  could 

possibly  be  obscured  by  strong  neighboring  peaks  in  the  Tc  and  Cs  gates, 

respectively.  All  of  the  data  point  toward  the  two  y-rays  as  being 
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in  cascade  with  the  gate  gamma  in  the  Cs  nucleus. 

10.  115.5  kcV  gate  (Fig.  6m) 

This  spectrum  consists  principally  of  the  4+  •*  2+  297  keV 
transition  and  2+  -*■  0+  1276  transition  reported  as  following  a  115  keV 
6*  *•  4+  transition  in  ^S'e.^* 

11.  123.2  keV  gate  (Fig.  6n) 

A  strong  coincidence  in  this  spectrum  with  a  125.6  keV 

Y-ray  and  a  gate  on  a  125.3  line,  in  Fig.  6p  showing  coincidence  with 

a  123.5  keV  y-ray,  are  strong  evidence  for  a  cascade.  The  best 

109 

candidate  available  is  Tc.  A  123.1  keV  line  was  seen  in  both  Tc 

and  Cs  gates  and  attributed  to  109Tc  by  the  X-y  work.  8-decay  work7* 

*08 

assigned  a  125.5  keV  transition  to  *'  Tc  but  with  a  low  confidence 


rating. 


IS 


12.  126. 4  keV  gate  (Fig.  6a) 

This  gate  plus  a  gate  on  a  159.3  keV  y-ray  shown  In  Fig  6r 
reveal  a  ocrong  coincidence  between  those  two  lines.  The  EG  data  from 
a  gate  on  the  lower  of  the  two  energies  suggests  a  case  .de,  as  ajen  in 
Fig.  7d.  Both  of  these  energies  were  seen  In  the  Nb  and  La  gate:,  with 
a  158.9  assigned  to  La.  On  that  basis  the  cascade  Is  tentatively 
placed  in  14\a. 

C.  Rudimentary  Energy  Level  Schemes 


Coincidence  information  from  several  different  lines  tied 
together  nicely  and  pointed  toward  decays  in  this  odd  A  Isotope  of 
molybdenum.  Gates  on  y-rays  of  energies  94.9  keV,  138.1  keV,  and 

144.9  keV  yielded  the  spectra  In  Figs.  8a-c  and  Table  IV.  Each  of 

the  three  y-rays  secs  the  other  two  strongly,  as  well  as  having 

appeared  In  both  the  Mo  and  Ba  gates  of  the  previous  X-y  data.  From 

that  work  the  94.9  keV  line  was  assigned  to  ^Sio  based  on  correlation 

with  the  papnr  of  Watson  et  al.14)  The  138.1  keV  y-ray  was  attributed 
141 

to  Ba,  which  means  there  may  be  two  lines  at  about  that  energy.  A 
144,7  keV  transition  was  placed  In  *  Sio  but  that  assignment  wan  based 
on  the  data  of  John  et  al . which  reported  a  104+*  value  for  the 
mass.  Indicating  it  could  be  from  mass  105.  The  only  EG  data  with 
sufficient  statistics  to  show  anything  convincing  was  the  gate  on  the 

94.9  keV  y-ray.  Fig.  9a. 

The  fact  that  several  strong  lines  from  the  two  even-even 
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i  .  142.  .  144. 

isotopes  Ba  and  Ba  are  present  in  the  94.9  gat**  also  indicates 
a  complementary  Mo  nucleus.  A  total  neutron  emission  of  3  In  the  first 
case  and  5  in  the  second,  both  feasible  values,  would  al.ov  the  two 
to  be  complements  of  ^Mo.  Information  received  from  Wilhelc\  ct 
for  Mo  was  almost  identical  to  the  data  presented  here.  The-  .eight 
of  evidence  is  great  for  a  three-stage  cascade  in  105Mo  as  shown  in 
Fig.  10.  The  order  of  the  transitions  is  not  a  certain  thing  but  the 
strength  of  the  95-138  coincidence  Is  some  indication  that  thev  ere 
oelow  the  145  keV  transition.  Other  lines  seen  in  the  94.9  gate  which 
Wilhelmy  ct al. 1S*  also  saw  for  105Mo  are  one  at  246.5  keV  and  another 
at  417.7  keV.  The  246  was  seen  weakly  here  and  not  at  all  in  *^e  other 
gates.  The  418  was  seen  moderately  strong,  as  well  as  being  veiy  weak 

in  the  other  two  gates.  Their  placement  as  shorn  in  Fig.  10  is  extremely 
tentative. 

Some  additional  information  is  to  be  found  in  the  94.9  keV 
gate.  A  strong  coincidence  with  a  117.6  keV  Y-ray  which  was  not  seen 
in  the  other  gates  and  which  escaped  detection  by  Wilhelmy  indicates 
a  transition  in  an  odd  Ba  isotope  complementary  to  105Mo.  However, 
the  EC  data  also  reveals  a  Y-ray  of  obout  the  same  energy,  implying  It 
is  in  the  same  scheme.  A  117.3  keV  transition  seen  in  the  X-y  work  in 
the  Mo  -  Ba  gates  was  assigned  with  doubt  to  142Ba,  a  nucleus  which 
received  attention  in  a  post  8-decav  Investigation  by  Larsen  et  al.^ 

The  latter  group  detected  no  such  Y-ray.  John  ct  al.13^  did  and  gave 
it  mass  144ll.  Two  posslhl  1  it ics  seem  to  be  ^Ba  and  14*Bn.  A  Rite 
on  a  117.6  keV  Y-ray  resulted  in  the  spectrum  seen  in  Fig.  8d  and  the 
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values  In  Table  IV.  Host  obvious  are  strorg  coincidences  with  ways 

of  283,0  keV  *nd  34:*8  keV*  «««n  strongly  as  well  in  the  94.0  k«V 

gate  and  probably  cascade  members  with  the  117.  The  clue  to  their 
location  is  found  in  the  presence  of  y-rays  apparently  froa  the  .-.vr 
.wo  iiotope.  102Mo.  ‘%0  and  l06Mo.  F..,ibl.  co.?U--.ot.  to  tU., 
two  in  the  binary  fl.alon  of  252Cf  nr.  UJB.  and  “V  ,uprortl„y  ,h. 

d*“  °f  J°'<»  «_sl.13>  sine.  would  r.,ulrc  that  only  a 

•ln,l.  nautron  b<  boll.d  off.  for  It  to  b.  a  po.t-noutron  coup'  , not 

Of  106Wo  14*.  a  . 

Mo,  Ba  is  the  logical  choice  as  the  nucleus  emitting  the 
117.6  keV  line,  is  well  as  cascades  above  that  one  involving  the 
..*>3.0  keV  and  342.8  keV  y-rays.  It  is  possible  that  another  v-ray  of 
about  that  energy  is  Involved  in  the  decay  of  105Mo. 

There  is  also  soae  evidence  that  a  y-ray  of  about  282.4  keV  l-j 
involved  in  the  level  scheme  of  l05Mo.  The  fact  that  that  particular 
line  is  o  Mich  stronger  in  comparison  to  the  342. «  line  in  the  94.9  keV 
gate  than  In  the  117.6  keV  gate  indicates  that  the  peak  is  at  least 
partially  derived  from  a  coincidence  in  105Mo.  Wilhelmy  also  saw  a  283. 
Supporting  this  conclusion  is  the  fact  that  it  fits  veil  in  the  decay 

scheme,  just  about  equalling  the  sum  of  the  138.1  keV  and  144.7  keV 
transitions. 


Figs.  11a  and  lib  present  spectra  deriveJ  froa  gates  on 
74.2  k.V  „d  98.3  x.v  y-r.y.  t„  the  lo--.n«r,y  t..»l  eolncld.nc 
T.bl.  V  h..  th.  tabulations.  Th.  x-r  work  h.d  mu«d  o  98.5  k.v 
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transition  to  Ru  with  a  good  bit  of  doubt  and  .1  131.8  keV  transition 
*  -10 

to  ,.ut  an  even-even  isotope.  The  validity  of  the  reported  even- 

even  level  schame,  3  supported  by  the  present  data,  precludes  ' ‘  T.u 

as  a  choice.  The  482.2  keV  and  587.8  keV  y-rays  are  apparently  the 

**  2  and  2  0  transitions  in  *  38Xc  prevlouslv  reported  aui 

indicate  either  lllRu  or  l09Ru.  Other  data  in  this  paper  for  1 

does  not  Include  these  lines.  In  addition,  the  experiment  performed  by 

Wi lhelmy  et_al.15)  assigned  74  keV,  98  keV,  172  keV,  193  keV  an**  Mu  VcV 
109 

transitions  to  Ru  but  was  unable  to  provide  any  placements  due  to 
lack  of  coincidence  data.  The  present  data  Is  extremely  convincing 
that  at  least  the  partial  decay  scheme  of  109Ru  looks  like  Tip  12. 

The  fact  that  the  374  i*  weaker  in  the  98  keV  gate  than  the 
74  keV  gate  indicates  the  74  is  above  the  98  in  order.  The  latter  two 
definitely  sees  to  be  in  succession,  as  attested  to  the  172  seen  bv 
Wilhelsiy  and  «  172  seen  in  both  the  Ru  and  Xe  X-ray  gates.  In  addition, 
Wllhclay  recorded  a  greater  X/flsslon  for  the  98.  One  problem  is  the 
overlap  of  the  second  gate  with  another  strong  98.1  line  found  in  the 
Zr  -  Ce  gates  and  questionably  identified.  The  strong  133.8  keV 
transition  in  the  present  y-ray  gate  was  also  seen  in  the  two  X-ray 
gates  and  attributed  to  U8Ce  on  the  basis  of  a  148**  mass  assignment 
by  John  et_al. ,13)  but  the  energy  agreement  was  poor.  Recently 
reported  Is  a  98.3  keV  transition  in  l0lZrl6)  and  that  Is  the  probable 
location  of  the  98  -  134  cascade.  So  the  98.3  keV  gate  is  a  combined 
spectrum  and  the  374  might  he  expected  to  be  down  relative  to  background 
for  that  reason  also.  The  intensity  of  the  133.8  keV  y-ray  unfortunately 
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prevent!  knowledge  of  whether  the  98  is  in  coincidence  with  the  131.8 

10° 

kcV  y-*ay  as  the  74  is.  The  placement  in  'Ru  can  thus  not  be 
supported  or  refuted  on  that  basis. 

i  111. 

3.  Ru 

Data  from  gates  oi.  y-rays  of  62.8  keV,  75.9  keV,  103.9  keV, 
and  150.5  keV  energy  are  presented  in  Figs.  13a,  13d  and  Table  VI. 

The  EC  data  for  62.9  keV  and  104.1  keV  gates,  the  strongest  of  the 
group  in  the  total  coincidence  s’Hictrum,  are  shown  in  Figs.  9a  and  9b. 
The  low-energy  coincidence  information  is  clcarcut.  The  63  secs  n  76, 
104,  and  150.  The  104  secs  the  63,  76,  and  150,  except  in  the  F/l  case 
where  a  pyrex  disk  between  source  and  detector  attenuated  the  lower 
energy  kcV  y-rays.  In  that  particular  spectrum  lines  are  indicated  but 
not  conclusively.  The  150  sees  the  63,  76,  and  the  104.  Finally  the 
6  secs  the  63,  104,  150  and  a  166.9  kcV  y-ray  which  is  Just  about  the 
sum  of  the  63  and  104.  Referring  once  again  to  the  previous  X-ray 
gates,  a  104.0  keV  line  and  a  150.5  kcV  line  were  seen  and  placed  in 
lllRu,  with  a  63.0  y-ray  unidentified.  Data  from  Ullhelmy  et  al.1S| 
again  supports  the  present  work  for  transitions  in  lllRu.  They  were 
unable  to  obtain  coincidence  data  on  the  63  keV  line  but  found  a  smaller 
Z/fisslon  yield  than  for  the  104.  The  level  scheme  shown  in  Fig.  14 
nicely  accounts  for  the  present  nnd  previous  data. 

The  722.8  keV  line  seen  extremely  strongly  in  the  63  gate  is 
a  problem.  Since  it  is  not  seen  at  all  by  the  other  gates,  it  cannot 
be  from  a  complementary  nucleus  and  therefore  it  must  bypass  them. 
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This  Is  impossible  in  the  case  of  the  104  if  it  is  actually  below 
the  63  keV  transition.  A  357.3  keV  y-ray  is  seen  at  least  weakly  1  i 
each  of  the  four  gates.  Being  the  strongest  in  the  76  Rate,  presunnbly 
it  is  a  cascade  directly  to  the  384  level. 


Figs.  15a  and  15b  contain  spectra  fron  gates  on  81.9  keV 
and  130.6  keV  y-rays.  As  shown  in  Table  VII,  the  lower  energy  U„e 
has  been  seen  previously  and  attributed  to  l“6La,  as  have  the  104.1  V.eV 
and  363.6  keV  transitions11, 12)  seen  in  the  first  gate.  A  130.6  VeV 
y-ray  was  also  placed  in  146La  bv  the  saae  work.  The  partial  "n^rgy 
s chase  in  Fig.  16  is  indicated  by  this  data.  A  line  of  269.9  koV  was 
seen  in  the  present  gate  and  previous  X-y  data,  while  a  212.7  keV 
,-ray  was  recorded  in  the  La  gate  from  the  latter.  These  values  lend 
credence  to  the  diagram. 


IV.  Discussion 

The  level  schemes  shown  in  Figs.  10,  12,  14,  and  16  should 
only  be  regarded  as  relative  partial  schemes.  The  energies  giver,  are 
taken  where  possible  from  the  X->  work,  since  those  separated  soectra 
should  be  more  accurate.  The  "0"  level  is  more  of  a  reference  point 
than  an  indication  of  the  ground  state,  although  the  intensity  of  these 
lines  would  indicate  that  they  lie  at  least  in  the  lower  part  of  the 
complete  schemes.  In  several  cases  the  order  of  the  transitions  is 


obscure.  The  98  keV  Y-ray  was  placed  below  the  74  keV  line  in  ]C9Ru 
strictly  on  the  basis  of  a  greater  X/f lesion  for  the  former  reported  by 
Wilhelmy.  *  This  placement  is  supported  by  the  difference  in  the 
intensity  of  the  374  keV  y-ray  In  the  two  gates.  The  63  keV  ana  x04  keV 
transitions  in  Ru  are  placed  again  on  the  basis  of  the  X/fission 
values  from  Wilhelmy.  15)  These  two  could  be  switched  however,  as  might 
be  indicated  by  the  strong  coincidence  between  a  722.8  keV  y-ray  and 
the  first  but  not  the  second.  Assuming  they  are  both  below  the  723,  the 
one  below  the  other  should  see  anything  the  latter  sees.  An  alternative 
solution  is  th*.t  the  63  -  723  coincidence  involves  another  63  keV 
transition  from  an  unidentified  source.  It  must  be  kept  in  mind  that 
these  schemes  are  only  suggestions  which  explain  the  data. 

A  natural  complement  to  these  data  would  be  B-decay  studies 
on  each  of  the  four  nuclei.  The  affirmation  of  the  order  of  certain 
transitions  and  the  spin-parity  information  resulting  from  the  selectivity 
of  the  8-decay  process  would  greatly  clarify  the  work  presented  here. 

In  fact,  once  more  of  the  schemes  were  made  known,  these  data  would 
take  on  new  significance  in  that  they  represent  at  least  to  some  extent 
the  population  of  various  states  which  would  escape  a  8-decay  study. 

As  has  been  noted  before, l7)  the  effect  of  the  fission  process  and 
subsequent  neutron  boiloff  can  be  conveniently  thought  of  as  an  (a,2n) 
reaction  which  is  capable  of  populating  high  spin  as  veil  as  lower  spin 

states.  The  subsequent  decays  should  involve  in  some  cases  states  ,hich 
escape  population  by  8-decay. 

An  additional  experiment  which  would  supply  information  on 
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spins  and  parities  1.  a  y-ray  -  internal  conversion  electron  coincidence 

system.  The  K/L  ratios  could  be  used  to  infer  the  multipolarities  and 
thereby  the  spins. 

Cates  on  y-rays  cf  energies  192.3  keV,  171.9  keV,  19s .6  krV , 

and  158.9  keV,  corresponding  to  the  energies  of  the  2+  +  0+  transition 

in  four  of  the  most  heavily  populated  even-even  nuclei,  104Mo,  106Mo 
144  148 

Ba.  and  Ce,  respectively,  failed  to  reveal  coincidences  with  any 
of  the  lew  energy  lines  assigned  to  them  by  the  X-y  experiments.  The 
gated  spectra  consisted  primarily  of  the  values  for  the  various  transi¬ 
tions  in  the  ground  state  bands  previously  reported.1’2*  in  fact  two 
of  these  lines,  94.9  keV  and  144.7  keV,  were  incorporated  in  the  105Mo 
decay  scheme.  The  majority  of  the  y-rays  so  placed  are  probably  off  by 

1  a.m.u.  due  to  the  uncertainty  in  mass  calculations  of  the  previous 
data. 
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TABLE  1:  Energies  of  v-raya  Gated  on  (keV) 


48.5 

70.3 

a see  xti 

94.9 

129.3 

49.9 

71.6 

97.0 

130  6 

50.7 

72.6 

98.3 

136.0 

52.3 

74.2 

(101.0) 

(138.1) 

53.3 

75.9 

102.7 

[138.5] 

53.9 

76.7 

103.9 

141.0 

54.9 

77.7 

106.2 

(144.9) 

56.1 

78.8 

(108.3) 

150.5 

58.1 

80.0 

(109.9) 

152.0 

59.7 

[ai.9] 

112.7 

[158.9] 

60. 5 

182.51 

115.5 

(159.3) 

61  •  8 

84.3 

117.6 

(162.4) 

62.8 

85.5 

119.6 

171.9 

64.3 

86.3 

122.0 

192.3 

(65.8) 

87.4 

123.2 

199.6 

57.1 

89.2 

125.3 

£**.7l 

(91.1) 

[126.4] 

[69,2] 

[91.8] 

128.0 

l  1  -  Urge  width  indicating  unresolved  lines. 

(  )  Very  low  intensity,  so  energy  uncertain. 


TABLE  II,:  Coincidences  Involving  Unidentified  y-ray9 

**"iv**  a  •-*  ,xr arii  -i  -jg  s  aoA  utt-i  ijfcjarm  a. >  .  —  - _ _ _ 

Gate  y-ray  (keV) 
(Possible  Origin) 

Coincidences 

(keV) 

58.1 

Y.Pr.Nb.La.Tc, 
or  Cs 

90.3,  102.8,  125.5,  154.3,  159.1,  219. 

65.8 

Nb,La,Rh  or  I 


(59.8),  71.9.  118.4,  126.5,  138.4,  (142.4), 
1-7.2- 1,  (182.9),  (186.5),  (218.4), 
(240.9),  (268.1),  (313.8),  (358.4) 


68.7 

Tc,Cs,  or  Pr 


36>5,  (46.5),  (69.6),  (86.5),  91.4,  104, 

118.1,  138.0,  190.6,  (212.2),  (241.5 ~ 

375.2.  (420.7) 


69.2 

108tc  or  pr 


1-03-B.  US-2,  137.5,  289. 3,  (297.9),  (369.2), 
(387.7),  (436.8) 


70.3 

Zr  or  Ce 


106.1,  154.3,  163.3,  192.4.  (929.9),  (1359.3) 


134*6*  164-1.  (172.9),  (247.1) 


78.8 

Tc  or  Ca 


80.5,  (103.8),  (112.2),  138.1,  (250.1), 
303.2 


Zr,Ce,Xe,  or  Ru 


(76.1),  100.3,  109.4,  117.8,  127.5,  143.4, 
153.6,  159.2,  244.6,  (250.7),  283.2,  (638.8) 


(104.5),  135.6,  166.1,  203.8.  211.7 


89.2 
Tc  or  Cs 


104.2,  148.0 


TABLE  II 


91.1 

Tc ,  Cs ,  Nb 

or 

La 

91.8 

Tc,Cs,Rh, 

n  I 

101.0 

Y  or  Pr 

102.7 

Mo,Ru,  ot’ 

Xe 

108.3 

Tc  g Cs  § Xc i 

or 

Ru 

119.6 

lO^Tc.Nb, 

or 

La 

122.0 

Y,Zr,  or 

Ce 

136.0 

Zr,Cc,Nb, 

or 

La 

138.5 

Mo,Ba,Tc,Cs,Ru, 
or  Xe 


69.0.  93.5.  150.4,  158.4,  (163.4),  314.2 


91.5,  118.5,  150.5,  158.4,  164.5,  314.8 


250.4.  (289.0),  (696.1),  (722.7) 


109.0,  112.9,  125.2,  138.7.  144.5,  (159.2), 
(164.8),  181.0,  199.1.  250.8,  330.9, 
(362.6),  457.7,  537.8,  594.1 


103.3,  138.9,  142.2,  (357.6) 


136.1.  (167.2),  211.5,  (276.3),  (443.6) 


130.1.  535.1 


(69.7),  119.5.  210.4,  (249.3),  (276.0) 


71.9,  95.4,  103.1,  108.3,  (145.1),  (199.2) 


_  -  Indicates  strong  coincidence 

(  )  -  Indicates  weak  coincidence 


« 1 


TABLE  III 


lW1C.l 


(66.1),  138.7".  159.8,  205.2,  (282.3), 
292.4,  357.9,  369.1,  451.7 


I 


^60.5*.  172.9,  204.3,  268.9.  363.6,  369.2, 
(396.5),  (422.2),  (435.4),  (446.1) 


90.5,  154.3*.  249.0,  (371.6) 


115.5 

(134t.) 


(69.7),  (104.0),  126.3,  249.4,  296.6*. 
1276.2*  - 


123.2 

t10,Tc) 


125.8*.  154.3 


125.3 

1109tc] 


(91.2),  (97.7),  (103.4),  123.5*,  154.5, 
158.9.  198.5 


I 


(98.8),  (104.5),  159.2*.  232.0.  301.9 


159.3 

IU7u] 


126.5*,  143.0,  183.3,  219.5,  (242.2), 
(269.3) 


Indicates  strong  coincidence 
Indicates  weak  coincidence 


In  cascade  with  gate  ir-ray  in  Isotope  Indicated 


TABLE  IV:  Coincidences  in 


Me 


te  Y*r«y  (keV) 


94.9 


138.1 


342.8 

3S9.1 

(390.0) 

417.7 

(430.5) 


105„o 

70.9 

95.3 

105mo 

103  3 

117.7 

131.8 

138.0 

145.1 

105mo 

199.4 

144flaa 

(269.7) 

(330.9) 

144Baa 

(358.3) 

1°5„0 

105mo 

144gao 


144Ba® 

142gaa 

144aaa 


144.9 


199.2 

(232.4) 

(246.5) 
(250.0) 


105mo 

lOSjjo 

1q5Mo 

144Ba® 


iOSMo 


TABLE  VII  s  Coincidences  in 


-  Indicates  strong  coincidence 


(  )  -  Indicates  weak  coincidence 


Figure  Captions 


Fig.  1  Coincidence  electronics  diagram. 

Fig.  2  Shielding  apparatus  used  in  extended  geometry  experiment. 

Fig.  3  0.14  cc  total  coincidence  spectrum  accumulated  over  36  nouru 

of  run  time. 

Fig.  4  40  cc  total  coincidence  spectrum  accumulated  over  36  hours  o 

run  time. 

Fig.  5  0.14  cc  total  coincidence  spectrum  from  extended  geometrv 

experiment. 

Fig.  6a  Sorted  spectrum  for  gate  on  48.5  keV  y-ray. 

6b  Sorted  spectrum  for  gate  on  49.9  keV  y-rav. 

6c  Sorted  spectrum  for  gate  on  54.9  keV  y-ray. 

6d  Sorted  spectrum  for  gate  on  52.3  keV  y-ray. 

6e  Sorted  spectrum  for  gate  on  53.9  keV  y-ray. 

6f  Sorted  spectrum  for  gate  on  60.5  keV  y-ray. 

6®  Sorted  spectrum  for  gate  on  64.3  keV  y-ray. 

6h  Sorted  spectrum  for  gate  on  85.5  keV  y-ray. 

6i  Sorted  spectrum  for  gate  on  129.3  keV  y-ray. 

6J  Sorted  spectrum  for  gate  on  71.6  keV  y-ray. 

6k  Sorted  spectrum  for  gate  on  76.7  keV  y-ray. 

6i  Sorted  spectrum  for  gate  on  86.3  keV  y-ray. 


+7 


Fig.  6a  Sorted  spectrua  for  gate  on  115.5  keV  »-ray. 

6n  Sorted  speciru*  fur  gate  on  123.2  VeV  y-rav. 

ftp  Sorted  spectrua  for  gate  on  125.?  keV  y-ray. 

ftq  Sorted  spectrua  for  gate  on  12ft. 4  keV  y-rav. 

6r  Sorted  spectrua  for  gate  on  159.3  keV  y-rav. 

Fig.  7a  Extended  geoaetrv  data  for  60.5  keV  gate. 

7b  Extended  geoaetrv  data  for  71.6  keV  gate. 

7c  Extended  geoaetrv  data  for  76.7  keV  gato. 

7d  Extended  geoaetry  data  for  126.4  keV  gate. 

Fig.  8a  Sorted  spectrua  froa  gate  on  *4.0  keV  y-rav. 

8b  Sorted  spectrua  froa  gate  on  138.1  keV  y-rav. 

8c  Sorted  spectrua  froa  gate  on  144.9  krV  y-rav. 

8d  Sorted  spectrua  froa  gate  on  117.6  keV  y-rnv. 

Fig.  0a  Sorted  spectrua  froa  extended  geoaetrv  case  for  gate  on  *4.9  k.*v 

y-rav. 

9b  Sorted  spectrua  froa  extended  geoaetry  case  for  gate  on  62.9  k«\ 

Y-ray. 

9c  Sorted  spectra  froa  extended  geoaetry  case  for  gate  on  101.1  k**v 
Y-ray. 

Fig.  10  Partial  decay  scheae  for  *^Mo. 

Fig.  Ua  Sorted  spectrua  froa  gate  on  74.2  keV  y-rav. 
lib  Sorted  spectrua  froa  gate  on  98.3  keV 

Fig.  12  Partial  decay  scheew  for  *^Ru. 


y-rav. 
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EXPERIMENTAL  SETUP 
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